REMARKS 

The claims are 1, 2, 7-18, 20-25, 30 and 34, of which Claims 1, 2, 1 1 and 34 
are in independent form. Reconsideration of the present claims is respectfully requested. 

In the Office Action, Claims 1, 2, 7-18, 20-25, 30 and 34 are again rejected 
under 35 U.S.C. § 103(a) as allegedly being unpatentable over Winskill et al 9 Animal 
Behavior Science 48:25-35 (1996) in view of Johnson et aL, Equine Veterinary Journal 
30(2): 139-143 (1998), further in view of Pagan, Australian Equine Veterinarian 16(4): 
159-161 (1998). Claims 24 and 25 are likewise again rejected under § 103(a) as allegedly 
unpatentable over Johnson et al , and Winskill et al, in view of Pagan, Applicants 
respectfully traverse these rejections. 

Applicants once again gratefully acknowledge the Examiner's indication 
that Claims 20 and 21 would be allowable if rewritten in proper independent forum. 
However, these claims will not be so rewritten for at least the following reasons. 

In response to Applicants' previously-submitted arguments regarding the 
percentages of fat and fiber, the Examiner concedes that "2.75% fat is lower than the about 
5% minimum in the fat recited in the claim 1", but nonetheless alleges that "[t]here is no 
demonstration that a composition comprising about 2.75% fat and 20% fiber would not 
alleviate stereotypic behavior in the presence of an antacid." Office Action, page 8. 

Initially, Applicants believe it necessary to reiterate that the about 5% to 
20% range for the fat recited in Claim 1 is critical for proper function of the present 
invention. 

In support of their position, Applicants respectfully wish to first point out 
that, as relevant to the present invention, feeding of concentrate diets (either commercial 
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feeds or cereal-based home mixes) to foals has been shown to increase markedly the risk of 
development of stereotypy (See e.g., Waters A.J, Nicol C.J., French N.P. "Factors 
influencing the development of stereotypic and redirected behavior in young horses: the 
findings of a four year prospective epidemiological study", Eq. Vet. J. 34, 572-579 (2002)). 
In 2001, available concentrate diets for mares and youngstock typically had fat/oil levels 
much less than 5%. Evidence of this is provided in the enclosed paper by Williams et al., 
"Plasma glucose and insulin responses of Thoroughbred mares fed a meal high in starch 
and sugar or fat and fiber", American Society of Animal Science, pages 2196-2201 
(2001). In particular, Table 2 of this paper shows that Pelleted concentrate feed, 
PurePride-200 (PC, Purina Mills, St Louis, MO - page 2197, left column second paragraph 
- the main brand in the US at the time) contained only 1 .97% fat. Meanwhile, a control 
diet (SS) formulated to resemble closely a traditional textured sweet feed high in sugar and 
starch contained 3.2% fat. 

Oats and maize are typically used in cereal-based diets. On average they 
contain 4% oil on a DM basis (see Lonsdale C, "Straights: raw materials for animal feed 
compounders and farmers", Chalcome publications, Marlow, Bucks UK (1989)), but only 
3.4% on an as fed basis (see enclosed Dodson & Horrell Yearling Cubes & Rearing Diet). 

The composition of the diet used as the control base diet (see specification, 
page 10, line 27) in the present application also has less than 5% fat (see the enclosed 
nutrient analysis for Dodson & Horrell Yearling Cubes & Rearing Diet). This diet was a 
leading brand in the UK at the time. Thus, the foregoing evidence makes clear the link 
between stereotypic behavior and concentrated diets of less than 5% fat. 



To illustrate the advantageous effect of using feed containing the critical 
range of a minimum 5-20% fat as recited in Claim 1 for overcoming the above-noted 
dietary deficiencies, Applicants kindly draw the Examiner's attention to the enclosed 
abstract, Geor R J, Harris PA, Hoekstra KE, Pagan J D, "Effect of corn oil on Solid phase 
gastric emptying in horses" Proceedings of the ACVIM no 67 p 288, (2001), describing a 
study in which it is concluded that addition of 10% corn oil to a meal sweet feed results in 
a delay in solid-phase gastric emptying. The delay in gastric emptying is believed to 
prolong the beneficial effect of the antacid and fiber of the composition. 

Moreover, the upper limit of 20% fat is specified in the composition of 
Claim 1 because it is known in the art that horses can eat up to 20% fat in their diet without 
adverse effects {see, e.g., Harris P & Kronfeld, "Influence of dietary energy sources on 
Health and performance", Current therapy in equine medicine 5, Robinson NE (ed) 
Saunders Philadelphia 698-704 (2003)). 

Applicants also note that many different studies have shown that the risk of 

crib-biting in horses is increased by low forage (i.e., low fiber) or high starch diets 

including, for example: 

• Bachmann, I., Audige, L., Stauffacher, M., "Risk factors associated 
with behavioural disorders of crib-biting, weaving and box-walking in Swiss horses", Eq. 
Vet. J. 35, 158-163 (2003); 

McGreevy, P., Nicol, C.J., Cripps, P., Green, L., French, N., 
"Management factors associated with stereotypic and redirected behaviour in the 
thoroughbred horse", Eq. Vet. J. 27, 86-91 (1995); 

Redbo L,. Redbo-Torstensson P, Odberg F.O,. Hedendahl A,. Holm 
J., "Factors affecting behavioural disturbances in race-horses", Anim. Sci,. 66, 475-481 
(1998); 
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Waters A. J, Nicol CJ, French N.P., "Factors influencing the 
development of stereotypic and redirected behaviour in young horses: the findings of a 
four year prospective epidemiological study", Eq. Vet. J. 34, 572-579 (2002). 

With a specified minimum amount of 5%, the amount of fiber recited in the 
composition of Claim 1 is believed to be higher than in a low forage diet. For example, a 
typical neutral detergent fiber composition of maize (a low fiber feed) is about 11% {see 
Lonsdale C, "Straights: raw materials for animal feed compounders and farmers" 
Chalcome publications, Marlow, Bucks UK (1989)). 

In addition, Applicants have themselves performed a study showing the 
effect of adding increasing percentages of chopped fiber (chaff) to the diet on the time it 
takes to eat a Kilogram of feed. The results are shown in the enclosed Figure 1, clearly 
evidencing that adding chopped fiber to the feed increases the time taken to eat the feed. 
The longer the time taken the more saliva is believed to be produced. This increased saliva 
is expected to assist in neutralizing stomach acidity. 

Applicants further submit that there was no reason for one of ordinary skill 
to try to optimize the known compositions in order to treat animal stereotypy because there 
is no disclosure in either Johnson or Winskill that such compositions as recited in Claim 1 
could be used to alleviate stereotypy. Respectfully, Applicants submit that the proper 
inquiry is whether or not it would have been obvious to one of ordinary skill to provide a 
composition within the scope of Claim 1 on the basis of the disclosure of the cited prior art. 
"The teaching or suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not based on applicant's 
disclosure." MPEP § 2142 at 2100-128 (citing In re Vaeck, 947 F.2d 488, 20 USPQ2d 
1438 (Fed. Cir. 1991)). Because there is no disclosure of a link between stomach antacid 
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and performance of stereotypies in the cited references, there was no reason for one of 
ordinary skill to modify known compositions to provide optimized compositions that 
control stomach pH. 

Applicants respectfully believe the above support illustrates precisely how a 
composition diet of about 5% to about 20% fat alleviates stereotypic behavior. To 
summarize, the at least 5% fat content delays gastric emptying, thereby prolonging the 
beneficial effects of the antacid and fiber. The chopped fiber, meanwhile, increases the 
eating time so that additional saliva is produced, thus further neutralizing stomach acidity. 

It is respectfully submitted that the amount of fat and fiber recited is, 
therefore, critical for the composition of Claim 1 to have a significant effect on the 
treatment or amelioration of animal stereotypy, or for minimizing the risk of an animal 
developing animal stereotypy. Applicants have also demonstrated the beneficial effect of 
use of chopped fiber for this end. It is likewise clear from the above evidence that 
compositions outside of the scope of claim 1 would be expected to increase the risk of 
development of animal stereotypy. That is, by disclosing only a 2.75% fat content, 
Johnson fails to recognize the critical minimum 5% amount necessary to decrease the 
incidence of stereotypy and, consequently, precludes a finding of obviousness in regard to 
the present application. Claim 1 is therefore believed patentable over Johnson in 
combination with the other applied art. 

The Examiner goes on to comment that Applicants' "assertion that fat and 
fiber content critical to alleviating stereotypy appears not to reflect the method claim 1 1 ." 
Office Action, page 9. Applicants respectfully disagree. Claim 1 1 is directed to a method 
of treatment or amelioration of animal stereotypy, or of minimizing the risk of an animal 
developing animal stereotypy, bv controlling stomach pH of the animal. The composition 
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outlined in Claim 1 is designed specifically to control stomach pH. Page 19, lines 22-27 of 
the specification indicate that fiber is believed to help prolong chewing time. As explained 
above, this in turn prolongs the production of saliva which plays a role in neutralizing 
stomach acid. Use of chopped fiber is believed to further increase this effect. The fat, 
meanwhile, is thought to delay emptying of the stomach so that the beneficial effect of the 
antacid and fiber is prolonged. Accordingly, there is no inconsistency between the critical 
percentages recited in Claim 1 and the method as outlined in Claim 1 1 . 

The Office Action further indicates that Johnson is relied upon for a 
disclosure of feed containing antacid that lowers incidence of stereotypy in horses, and 
alleges that "the combination of Winskill and Johnson produces a food composition that is 
within the scope of instant claim 1 " Office Action, page 9. 

However, Johnson does not disclose administration of feed containing 
stomach antacid. Instead, the reference discusses only dietary supplementation with 
virginiamycin to reduce fermentative acidosis in the hindgut As such, there is no teaching 
in this document that would lead one of ordinary skill to replace virginiamycin with a 
stomach antacid. "In determining the differences between the prior art and the claims, the 
question under 35 U.S.C. 103 is not whether the differences themselves would have been 
obvious, but whether the claimed invention as a whole would have been obvious." MPEP 
§ 2141.02 at 2100-124 - 125 (citing Stratoflex, Inc. v. Aeroquip Corp,, 713 F.2d 1530, 218 
USPQ 871 (Fed. Cir. 1983) (emphasis in original)). 

The Examiner states that Winskill s feed composition, despite containing no 
antacid, was effective in combination with the foodball to increase foraging time and thus 
lowered stereotypy. The Examiner then comments that a composition can be formulated 



from the combination of Winskill and Johnson as a feed for horses, and the motivation of 
including the antacid of Johnson is to produce a feed that would be expected to lower the 
incidence of stereotypy. 

However, a combination of the feed of Winskill with the antacid of Johnson 
(i.e., virginiamycin) does not produce a composition within the scope of the composition 
specified in Claim 1 and moreover, the composition formed would not be expected to 
control stomach pH, but rather hindgut acidity alone. If, on the other hand, the Examiner is 
instead referring to sodium carbonate as the antacid disclosed in Johnson, one of ordinary 
skill would not have combined this with feed because sodium carbonate is administered to 
the caecum to neutralize hindgut acidity (page 139, right column, last sentence of second 
paragraph), and so must be administered separately from the feed. 

Applicants respectfully believe the Examiner to be combining selected 
passages from Johnson and Winskill in hindsight without any regard to the principal 
teaching in those documents. Such combination is not proper because, as indicated in the 
MPEP, "impermissible hindsight must be avoided and the legal conclusion must be 
reached on the basis of the facts gleaned from the prior art." MPEP § 2142 at 2100-128. 

The Office Action further states there to be an expectation of success that 
stereotypy in the horse will be lowered when an antacid is included in the composition of 
Winskill, and therefore, allegedly, "it is prima facie obvious to substitute one antacid for 
another and expect to produce the same effect of acidity control." Office Action, page 9, 
10. Respectfully, Applicants believe this conclusion ignores the crucial anatomical 
difference between the hindgut and the stomach. 



At best, Johnson merely teaches a link between hindgut acidity and 
abnormal behaviour. Importantly, there is no disclosure of any link between stomach 
acidity and stereotypy as contemplated by the present invention. According to Johnson, 
hindgut acidity is controlled by one of two means: oral administration of virginiamycin or 
caecal administration of sodium carbonate. It is respectfully submitted, however, that 
substituting one antacid for another would not be prima facie obvious because some 
antacids will not be effective at controlling hindgut acidity if administered orally, and some 
antacids are only effective in certain tissues. Virginiamycin is limited to hindgut activity, 
while sodium carbonate can only be administered caecally. "If proposed modification 
would render the prior art invention being modified unsatisfactory for its intended purpose, 
then there is no suggestion or motivation to make the proposed modification." MPEP 
§ 2143.01 at 2100-132 (citing In re Gordon, 733 F.2d 900, 221 USPQ 1 125 (Fed. Cir. 
1984)). Consequently, neither combination would operate to lower the incidence of 
stereotypy according to the mechanism of the present claims and, therefore, Applicants 
submit that Claim 1 is not obvious in view of the combination of Johnson and Winskill 

In support of their argument, Applicants wish to highlight, for example, 
histamine type-2 antagonists which block histamine-stimulated gastric acid secretion and 
so are expected to act as stomach antacids, but not to have any significant effect in the 
hindgut. Virginiamycin is active against bacteria that produce lactic acid in the hindgut, 
and so is expected to reduce fermentative acidosis in the hindgut, but not to have any 
significant effect on stomach acidity. 

Recognizing the difference between these two separate organs based on 
his/her veterinary experience, one of ordinary skill in the art would not have thought to 
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administer sodium carbonate or sodium bicarbonate orally to cause a reduction in hindgut 
acidity. To have an effect on the hindgut, high doses of these compounds would be 
expected to be required. Yet, orally administering high doses of compounds such as 
sodium bicarbonate would at the same time likely produce a number of adverse effects, 
since the dietary acic^ase balance of the diet would be significantly altered. This, in turn, 
can affect blood electrolyte levels, respiratory rate and the pH of the blood. For instance, 
oral administration of 0.5-lg/kg body weight sodium bicarbonate would cause significant 
metabolic acidosis. Indeed, Applicants believe that in certain states the addition of sodium 
bicarbonate beyond a certain amount is banned in racing because this is thought to have the 
potential to affect performance. Generally, high doses of sodium carbonate would be 
expected to cause gastric irritation, and therefore would not likely be used. As far as the 
Applicants are aware, sodium carbonate is not administered orally to horses. 

The enclosed paper by Deuel et al., "Some Physiological Effects of Sodium 
Bicarbonate in Diets of Yearling Horses" Proceedings of the 7th Equine Nutrition and 
Phsiology Symposia, Virginia, USA, describes a study of the physiological effects of 
adding sodium bicarbonate to growth diets for yearling Quarter Horses. Addition of 1% 
sodium bicarbonate was found to be negatively correlated with fecal pH (page 21, lines 7-8 
and Table 2). Specifically, in the Discussion on page 21 it is stated that "it has been 
observed that the pH of terminal colon digesta is similer to that of cecal contents ... the 
reduced pH of colon digesta in this study may have been associated with a reduced cecal 
pH". Thus, oral administration of sodium bicarbonate is thought to have increased, rather 
than decreased, hindgut acidity. 
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Consequently, one of ordinary skill in the art would not have substituted 
oral administration of virginiamycin or caecal administration of sodium carbonate 
(intended to control hindgut acidity) for oral administration of sodium carbonate or sodium 
bicarbonate as concluded in the Office Action. It is therefore respectfully submitted that 
substitution of one antacid for another with the expectation of the same effect on acidity 
control would not be prima face obvious to one of ordinary skill in the art. 

At page 10, the Office Action indicates that "the references taken together 
disclose the composition of the instant claims and discloses also the method of the instant 
claims", and further alleges that "the combination [of references] is proper." Applicants, 
however, bring to the Examiner's attention MPEP § 2143 wherein it states that "[i]f the 
proposed . . . combination of the prior art would change the principle of operation of the 
prior art invention being modified, then the teachings of the references are not sufficient to 
render the claims prima facie obvious." MPEP § 2143.01 at 2100-132 (citing In re Ratti, 
270 F.2d 810, 123 USPQ 349 (CCPA 1959)). 

Because neither Johnson, Winskill nor Pagan identifies the relationship 
between stereotypic behavior in animals and stomach acidity, any proposed combination 
thereof would likely fail to operate according to the teaching of the present claims. 
Specifically, a combination of these references would produce, at best, an unworkable 
treatment method in which a foodball is supplied to encourage foraging together with 
caecal administration of antacid for hindgut acidity. Respectfully, such combination is not 
the present invention, nor does it teach, or even suggest, either the composition as recited 
in Claim 1 or the method as recited in Claim 1 1 . "To establish prima facie obviousness of 
a claimed invention, all the claim limitations must be taught or suggested by the prior art." 



MPEP § 2143.03 at 2100-133 (citing In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 
1974)). Accordingly, Claims 1 and 1 1 are believed patentable over the combination of 
Johnson, Winskill and Pagan. 

Based on all of the foregoing, Applicants respectfully submit that Claims 1 
and 1 1 are patentable over the cited references, and earnestly request withdrawal of the 
rejection under 35 U.S.C. § 103(a). 

Furthermore, the other claims in this application are each dependent from 
one or another of the independent claims discussed above and are therefore believed 
patentable for the same reasons. Since each dependent claim is also deemed to define an 
additional aspect of the invention, however, the individual consideration or 
reconsideration, as the case may be, of the patentability of each on its own merits is 
respectfully requested. 

Wherefore, it is respectfully submitted that the cited art does not disclose or 
suggest the presently claimed invention, either alone or in combination. Accordingly, 
passage to issue of presently claimed invention is respectfully requested. 
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Applicants' undersigned attorney may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our 
below listed address. 



Respectfully submitted, 



Raymond R. Mandra 
Attorney for Applicants 
Registration No.: 34,382 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 101 12-3801 
Facsimile: (212)218-2200 



NY.MAIN 543617v1 
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S,d,c C.p, WaLTHaM C«n, re ir fc» ^.S^S 

ha* been drnuJL,. J^" xT.'i.fr. r h ^ lon -.T hf "«"><1 menenser CAMP W n»y. SW F B „5 £ m l," l F ™ J " ?J e ? Uml faw «PPl«"«Mo» <f«< 

f week. In each period. WK^a^^^^'r' tfuril « ^ - 
were tested In both ih< S wf nil .. • ? Jf 0 * md '"dom ordtc hone. 
CON/S WE CCwSoiU WF »»d Fa^'oil'pJ * "fmem eombimrioB* bring: 
■e.1 me.lj were hbefe «!ft I , „1 01 ^ e^oUd-phi* CE. <te 

of plow t luco« , ,££ ^mfZcS^.^^^ 

i^ ( he blood -<C vs. uttK curve wait aliered such thai it 



to b«« fciS^Tw^ ««««* CAMP 

of stimuli. The purpo* of ihi, «ud! *. f J" " spon$e 10 " 

To tcsi chis hypothesis we examined the effect ( .f^uD j i 
Won of purified equine PMN^SSob ffic 
pbre adhesion assay Fluorcsccruly labeled PMN were all n^rf i^ , 
mobibted IC or the control substra.e x^Te 

measured using a fluorescence plate reader before v^wt^wIl^T 
was quanticated „ lhe pmn ml^*^ 

I£yJ* tiX " Mt * ^ 3dhCSion t0 lC °' fhc «^ "bS^m ^ 

^SZ?^l!! B, Tf er . ptol, JWay ^ °" the m »~nt of ihe HjO^ 
dependent to of scopoletin fluorescence. 

Treatment of equine PMN with &. adrenergic agonists i.«cproicrcnal or den- 

n^I" * / '""ZJE inC ^^ in j ntra ««^' C AMP concentration, inhibited 
odheMon of equine PMN » IC w - dow dependent manner (isoproterenol 00 
» 2.5mM clenbuicroJ JC50 * |50uMX Similarly, inhibition of cAMP me»N 
ojism by the non-spcc.flc phosnhodie^erasc inhibitor pentoxifylline and the 
phnsphndiexwruw 4^necific fnhiSItor rollpmm inhihired ndhw'mn of equine 

i Hit lu ic ipuiii/KUjiimi, icjU - iui.v.. iui; H .^.. /...n,. w , u 1(J 

co-treatment of equine PMN with rolipram and isoproterenol Jyncrgistically in- 
hibited the adhesion of ©qulne PMN to fC Modulation of intracellular cAMP 
levels a l*o inhibited IC-lnduced activation of respiratory buna activity in equine 

Our conclusion i* that cAMP negatively rcgulai« p ; -dependcnt adhesion of 
equine PMN w IC and Nubscquent octivarion of effector functions in horses. 
Thus, thtttt drugs may be useful as ana- inflammatory agents in IC-mediued 
diseases The synergy between B.-ogonisu and phosphodiesterase inhibitors may 
also have clinical importance. 
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rrefltment 



CON/OIL 
FAT/SWP 



2.96 10 15 
2.1020 Id 
3.0: ±0 00 



itt(h) 
2.25 ± 0.55 



^ Umax) fh)_ 



2.21 ±045 



r.20±0.2l 
2.0S±OJ0 
1.24 ±0 37 



We conclude that: I) the addition of eom oil to i meut sweet feed rewlu in o delav 
in solid-phaxe OE: 2) the cf/eci of oil on 0£ is not affected by short-term adaptation 
to a fat-supplcmenled diet; and 3) the slowing of OE may contribute to the blunttd 
jlycemic response following a groin meal comoining corn oil. The delayed CE nuv 
be due to a direct effect of oil on motility or the rem Item increased energy density oV 
the test meal. 
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ENDOTOXIN-NEUTRALrZINC ACTIVITY IN BLOOD AFTER 
INTRAVENOUS ADMINISTRATION OF POLYMYXIN B IN 
THE HORSE. PR, Morresey . RJ, MacKay. K.A. Cillis. M.P. 
Brown, College of Veterinary Medicine. University of Florida. 
Gainesville, PL. 

Polymyxin 6 (PB) ii 4 cyclic eai ionic polypeptide antibiotic that binds and neutral- 
i«* bacteria! endotoxin tlipopolysaceharide: LPS). Adminiunuion of a single dose o( 
PB has been shown to protect against effects of I V-ad ministered LPS. In clinical sit- 
uations, however, administration of the drug ix often repeated several times. The pur- 
pose of this study was to determine endotoxin- neutral i n ng activity in blood after single 
and repealed dose* of PB io establish a dosage schedule for PB in endotoxemic horses. 

An assay for quantification of endotoxin- neutralizing activity In equine serum wa* 
developed. In brier, activity of samples was measured in vitro os ability to Mjppres* 
LPS -induced production of NO (measured as NO/ concentration) by interferon gamma- 
primed cell* or the J774A.I murine macrophage cell line. Concentration ©f active FB 
in scrum samples w 0 s deiermiDed by comparison with a standard curve of PB con- 
central! on v* ( NO/ concentration generated uaing icrial dilution* of PB in jerum. 

In a preliminary experiment, active (endotoxm-oeutraliung) PB *m measured In 
blood collected from 3 horses at intervals for 2A h after Ihey were given a single IV 
dose of I mg PB wltafl* PB was diluted in 1 L 0,9% saline and Infused IV over 
15 min. Maximal mean (= sem) semm concentration of active PB was 2955 = 472 
ng/ml A min after infusion and meon coneenirotion declined to become undeiecub e 
bv 16 h Usinc Curry *s method, these dao were used to determine a dosage schedule 
of 1 mg" P8/lI every 3 h. According io thit «hedule. trough conctnlration of anivc 
» (^200 fSfnA* were predicted » neutralize >7S* 

of I m LPS/mL Five adult hor«i each wt,e given PB (1 mgAg) IV c«ry « h for 5 
— Wood was collected for m«™n, j™"™*?™: 
S Maximal mean (= sem) "™ S^i MS h ?he 

n?/ml 10 min after the first infusion and decl.ncd to 250 = 81 ng/ml ai 7.75 h. The 
PB «n«nTntion profile after the 5th infusion did mi. differ significantly (P <0 ; 05 
■Latrf me™if« ANOVA) from that Tor the HrM infusion. Maximal PB concentration 
Z nU TlC«7 ng/ml. declining to 244 Z 100 ngAnl a, 7.75 h, and to undctcetabk 
T . tl 7a k ^ t rtftfutioii Mean trouch concentration an«r 5 infu«.ons was 240 =r 

1 1! mS«1S«qua.J rcMMl*! «>i-«~*oto,ic .clvl.y wirtout mmUw of tmt 
or »gm of toxicity 
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PREVALENCE OF GASTRIC ULCERS IN STAND ARDB RED 
RACEHORSES IN QUEBEC R. Dionne . A.Vrins. M.Y. Doucei, J, 
Pare. Universitc de Montreal, Paculte de medecine veterinairc, Que- 
bec. Canada. 

The purpose of this study was to determine the prevalence of gastric ulcer* 
and to identify risk factors for their presence in Standardbrcd racehorses. Two 
hundred sevenly-five (275) Scandardbred racehorses from five troining centers 
and iwo racetracks in Quebec. Canada, were included in the study. Historical 
data from the previous 2 months were recorded for each hor>e and lhe presence 
of gaitric ulcers <GU) was determined by gostroscopy using a 3m videoendo- 
scope. All evaluations were done from September to December. 1999. Location 
and severity (using a scoring system, grades 0 to 3) were recorded. The osso- 
ciaiion between the presence of CU or score and a given risk factor was deier- 
mincd using univariate statistical analysis. Horses with OU (score 1-3) were 
compared to those without CU (score 0i using logistic regression analysis to 
identify risk factors. A significance level of p< 0.05 was used for analysis. 

The study population was compo3cd of 112 females (4 1 %), 60 geldings (29%) 
and S3 stallions O0S). There were 160 pacers (58%). 105 trotters (38ft) and 
10 horses (4%) for which gaii was unknown at the time of the data collection, 
forty-four horses' were at rest, 92 were in training and 139 were actively racing 
Overall. 1 2 1 horses (44%) had OU while the prevalence of CU in actively racing 
horses was 63% (n = SS). The followina factors were significantly associated 
with the presence of GU: actWiiy sum* (p<0 0001) for a horse In training (OR 
= 2.18) or racing (OR = 9.29), gait (p = 0,004) for trotters (OR = ^«)ond 
racetrack stables (p - 0.0027). The mean number of lenon <ntes (p<0.000l) 
was significantly assoc.at&d wirh the gastric lesion score. The only clinical sign 
sicnificnntly associated with the presence of CU was poor body condition (p - 
0 02). Poor body condition was significantly associated with ulcers located at 
the cardia (p<0.000l) and with lesions scores a 2 (p<0.0001). 

The prevalence of GU in Smndardbred racehorses in this study was t .gnily 
lower than in T^ouroughbred racehorses (60-90*), Horses that » tcuvely £C- 
Inc arc living at racetracks, arc trotwrs or have poor body condition are more 
likely to have GU. Al». CU lesion score (grades 0-3) based on lesion sac wo> 
found to alio reflect the number of sites where lesions were found m the stomach. 
This further validates the scoring system with regards to its correUt,on wuh 
severity 
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Plasma glucose and insulin responses of Thoroughbred mares fed a meal high 

in starch and sugar or fat and fiber 1 

C. A. Williams* 2 , D. S, Kronfeld*, W> B. Staniar*, and P. A. Hairist 

•Virginia Polytechnic Institute and State University, Blacksburg 24061-0306 and tEquine Studies Group, 
WALTHAM Centre for Pet Nutrition, Melton Mowbray, United Kingdom 



ABSTRACT: Plasma concentrations of glucose and 
insulin following a meal were compared in twelve Thor- 
oughbred mares fed a pelleted concentrate (PC), a tradi- 
tional sweet feed high in sugar and starch (SS), or a 
feed high in fat and fiber (FF). The feeds had similar 
DE and CP but differed in fat (19, 32, and 166 g/kg 
DM, respectively), NDF (199, 185, and 369 g/kg DM, 
respectively) and nonstructural carbohydrates (574, 
645, and 247 g/kg, respectively). Mares were randomly 
assigned to two groups balanced for foaling date and 
wpi.tyht. All mares received PC in late f?eatnt.ion; then, 
after foaling, one group wa9 fed SS and the other FF 
for trials in early and late lactation. Mares were placed 
in stalls and deprived of feed overnight. A series of 
blood samples was collected via a jugular catheter from 
0 (baseline) to 390 min after consumption of 1.82 kg 



of feed. Plasma was analyzed for glucose and insulin 

Key Words: Dietary Fat, Fiber, Glucose, Horses, Insulin 



Baseline values, peak values, and areas under curves 
(AUC) were compared by AN OVA. Baseline values were 
74.7 ± 10.9 mg/dL for glucose and 5.86 ± 1.80 mlU/L 
for insulin for all diets and stages. Responses to PC did 
not differ between the two groups CP > 0.34), indicating 
the groups were metabolically similar. Peak plasma 
glucose and insulin concentrations were higher CP < 
0.001) in the SS group than in the FF group duri:-,;- 
early and late lactation. Similarly, glucose and insulin 
AUC were larger (P < 0.003) in SS than in FF during 
early and late lactation. These results indicate thfti 
metabolic fluctuations are moderated by the replace- 
ment of sugar and starch with fat and fiber. This re- 
placement may reduce the risk of certain digestive and 
metabolic disorders that have been linked to feeding 
meals of grain-based concentrates to pregnant or lacu* • 
ing mares. 
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Introduction 

Concentrates are commonly fed as two meals a day 
to supplement forage (pasture and [or] hay) in the diet 
of horses, especially those with energy and nutrient 
requirements above maintenance. A meal containing a 
high percentage of a grain-based concentrate has been 
associated with digestive, circulatory, metabolic, and 
hormonal changes (Clark et al., 1990). Abrupt increases 
or high intakes of soluble carbohydrates may create 
large fluctuations in the growth curve (Hoffman, 1997) 
and increase the risk of certain digestive and metabolic 
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disorders (Kronfeld, 1998). Pregnant or lactating mares 
have also been studied in term9 of their glycemic re- 
sponse varying due to fetal drain and need for glucc? : 
in milk production during these stages (Evans, 197 i. 
Fowden et al., 1984), 

Replacement of starch with fat in the feed has been 
used in many areas of interest, some of which include 
preventing rhabdomyolysis (Kronfeld, 1973; Valentine 
et al., 1998; MacLeay et al., 1999), enhancing aerobic 
(Slade et al., 1975) and anaerobic exercise (Oldham 
et ah, 1990), and reducing excitability (Holland et al.. 
1996). Our laboratory has been developing horse feed? 
in which sugar and starch are replaced with fat ar.ci 
fiber (Kronfeld, 1996; Hoffman et al., 1998; Hoffman 
and Kronfeld, 1999). The present study examined tie 
glycemic and insulinemic responses to typical course 
grain or pelleted concentrates compared to a supple- 
ment formulated with fat, to provide the same energy 
density of a typical concentrate, and fiber, to allow iis 
use as a complete feed. 

Materials and Methods 

A total of 12 Thoroughbred mares, aged 13.S ± 4 yr, 
were used in the study. The protocol was approved by 
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Table 1. Ingredient composition (%) of the sugar and 
starch (SS) and fat and fiber (FF) feeds 



Diet 



Inp-edient, % 



SS 



FF 



Dc-ni yellow grain corn 


60 


11 


Soybean meal <48<& CP) 


15.5 


2 


Oai straw 


7 


7 


Alfalfa 


0 


13.5 


Soybean hulls 


4 


4 


Bta pulp 


0 


10 


Processed cereal by-product* 


0 


45 


Molasses (cane) 


10 


5 


Dicalcium phosphate 


1.5 


0.5 


Limestone 


1 


1 


Mineral premix b 


0.5 


0.5 


Vitamin premix' 


0.5 


0.5 



; Processed cereal by-product contains 92.5% DM, 26 r r EE, 18% 
CP. and 29% NDF. e 

r The mineral premiN provided the following per kilogram of supple- 
ment NaCl. 3,774 g; Zn, 422 g; Ft, 208 g; Cu. S9.5 g; Mn. 50.3 g; Se, 
1.095 g: and K). 0.415 g. . 

m^e vitamin premix provided the following per kilogram of a sup- 
plement: vitamin A, 1,350,060 IU; vitamin D». 256,000 IU; vitamin 
E >6.455 IU; riboflavin, 701 mg; niocin, 3.009 mg; folic acid. 66 mg; 
thiamin. 1,400 mg; biotin, 42 mg; and ^-carotene, 3.527 mg. 
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the institutional animal care and use committee and 
performed at the Virginia Tech Middleburg Agriculture 
Research and Extension Center. 

The mares were maintained on adjacent bluegrass 
and white clover pastures with free access to alfalfa 
and orchardgrass hay. They were paired by weight and 
foaling date then randomly assigned to two groups as of 
January. For three months prior to foaling the pregnant 
mares were fed 3.5 kg/d of a pelleted concentrate (PC, 
PurePride-200, Purina Mills, St Louis, MO). The mares 
were introduced to the experimental feeds just after 
joaiiji^; one group received a Lunirui diet (SS;, which 
was formulated to closely resemble a traditional tex- 
tured sweet feed high in sugar and starch, and the other 
group received a test feed high in fat and fiber (FF). 
The SS and FF feeds were formulated (Table 1) to be 
isocaloric, and their trace mineral and vitamin contents 
were balanced with the pastures to meet or exceed rec- 
ommendations (NRC, 1989). Each horse received two 
meals daily, totaling 3.5 to 4.0 kg, which was one-half to 
one-third of recommended energy requirements (NRC, 
1989). Samples of the feeds were submitted to Dairy 
One (DHI Forage Testing Laboratory, Ithaca, NY) for 
proximate and mineral analysis (Table 2) 

Trials were conducted in April (3 to 6 wk before foal- 
ing), June (3 to 6 wk after foaling), and August (12 to 
15 wk after foaling). Each mare was weighed on an 
electronic scale (Tyrel platform TC-105. Alweights 
Hamilton Scale Corp., Richmond, VA) then placed m a 
stall overnight (12 to 18 h) ^ith free access to water 
but no feed. A series of blood samples (30 mL drawn into 
Vacutainer tubes containing sodium heparin, Becton 
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270, 330, and 390 min after a meal of 1.82 kg of respec- 
tive feed, PC, SS, or FF. The first sample (baseline) 
was obtained at 0800, immediately before the feed was 
given. The SS and PC meals were consumed in 20 to 
30 min and the FF in 30 to 40 min. Blood samples were 
immediately centrifuged at 1,600 x g for 10 min, and 
plasma was removed and stored at-20°C until analysis. 
Plasma glucose concentrations were determined by the 
glucose oxidase method using a chemical autoanaly2er 
(Kit # 442640, Beckman Synchron CX5CE, Brea, CA). 
Plasma insulin was determined by radioimmunoassay 
(Coat-A-Count Insulin, kit # TKINX, Diagnostic Prod- 
ucts Corp., Los Angeles, CA). Areas under the concen- 
tration-time curve (AUC) were calculated as summed 
trapezoids. Duplicate assays of plasma glucose had an 
intraassay CV of < 1%, and insulin had a CV of 5.2%. 
The interassay CV for glucose was 2% and for insulin 
was 5.5%. 

The effects of horse, diet, and stage of the reproduc- 
tive cycle were evaluated by AN OVA using SAS (SAS 
Inst. Inc., Cary, NO. In the general linear models proce- 
dures, the degrees of freedom were insufficient to run 
a full model with all interactions. Without interactions, 
the main effects of horse had P-values of 0.28 to 0.72, 
and the main effects of stage had P-values of 0.20 to 
0.76. Consequently, a mixed model was applied to early 
and late lactation with feed and stage as fixed effects 
and horse as a random effect. Means were compared 
by the Tukey test with P < 0.05. 



Results 

The FF feed had four times more fat than the SS feed 
and eight times more fat than PC (Table 2). The NDF 
was about twice as high and NSC was twice as low in 
FF than in SS or PC. The CP in the FF was about 12% 
higher Lhuu that in the SS, and there were different 
levels of phosphorus, magnesium, and potassium be- 
tween the two feeds. 

The horses weighed 669 ± 13.7 kg in April, 583 ± 14.6 
kg in June, and 575 ± 16.4 kg in August and maintained 
a body condition score of 5 to 6 (Henneke et al., 1983). 
All the horses remained in good health throughout the 
observational period. No differences were found be- 
tween any feeds and stages in baseline data for plasma 
glucose CP = 0.36) and insulin (P = 0.15); mean concen- 
trations were 74.7 ± 10.9 mg/dL and 5.86 ± 1.80 mlU/ 
L, respectively. 

The glucose and insulin curves for the combined PC 
data of 12 horses are illustrated in Figure 1. The glucose 
and insulin AUC were the same between experimental 
groups of horses receiving PC (P = 0.48 and P = 0.34, 
respectively), which eliminated the need for using these 
data as covariates in later experiments. Peaks of 
plasma glucose and insulin were usually observed in 
the 90-min samples, although mean values were not 
different from 60 to 150 min (P > 0.14). 
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Table 2. Nutrient composition of the sugar and starch (SS) and fat and fiber (FF) diets 
and the pelleted concentrate (PC) feed as analyzed in the DHI Forage Testing 
Laboratory (Ithaca, NY); data are summarized on a DM basis as means ± SE 



Nutrient SS (n = 12) In = 12) PC (n = 3J f 



DM, 9c 
DE. Mcal/kg* 
CP, % 
ADF, ft 
NDF, % 
Fat, % 
NSC, * b 

Ca, % 
F,* 
Mg, % 

Na,* 



Diet 


SS (n = 12) 


FF (n = 12) 


PC (n = 3) 


90,2 ± 0.67 d 


92.2 ± 0.36 c 


93.3 ± 1.51 dv 


3.34 ± 0,05 


3.50 ± 0.05 


3.40 ± 0.01 


13.7 ± 0.59 d 


15.4 ± 0.22* 


16.92 ± 0.60* 


10.7 ± 1.02 c 


22.6 ± 0.74 h 


12.70 ± 1.0 C 


18.5 ± 1.11* 


36.9 ± 0.99 h 


19.9 ± 2.1 ! 


3.2 ± 0.28 ch 


16.6 ± 0.76 dt! 


1.97 * 0.20 m 


64.6 ± 3.61 c 


24.7 ± 2.02 h 


57.4 ± 4.32 c 


6.70 4 0.64* 


9.74 ± 0.24 h 


6.S2 ± 0.03 B 


1.15 ± 0.14 de 


1.37 ± 0.19 d 


0.91 ± 0.07° 


0.60 ± 0.05 f 


1.35 ± 0.06 d 


0.77 ± 0.02 c 


0.19 ± 0.01* 


0.67 ± 0.03 h 


0.36 ± 0.02 1 


1.07 ± 0.06 d 


1.28 ± 0,02* 


0.87 ± 0.10 d 


0.25 ± 0.03** 


0.22 ± 0.02* 


0.012 ± .01 h 


0.22 ± 0.01 de 


0.21 ± 0.01 d 


0.19 ± 0.01 e 



°DE = 3.6 x NSC + 1.4 x NDF + 6 x fat + 3.6 x CP/CNSC + NDF + fat + CP). 
Nonstructural carbohydrate; NSC = 100 - (water + CP * fat + ash + NDF). 
<Ash = 9.425 x K + 1.442 x P - 4.231 ± 0.867; adjusted r 2 = 0.992, P s 0.004. 
^ r Vnlues with different superscripts nre different IP < 0.051 
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in Figures 2A and 2B, respectively. The glucose re- 
sponses to PC and SS were similar, except that peak 
glucose was numerically lower following the SS meal 
during late lactation than after the PC meal. During 
all stages, the lowest glucose peak (?< 0.001) and AUC 
(P < 0.002) was observed after feeding FF, compared to 
SS and PC, which were similar in glucose peak and 

AUC ' , ■ 1- A 

The effects of feed and stage on peak insulin and 

insulin AUC are shown in Figures 3A and 3B, respeo- 



m Glucose 




0 30 60 90 150 210 270 330 390 



fMeait Time, mln 

Figure 1. Mean concentration of the plasma glucose 
(bars) and insulin (solid line) for 12 mares fed the pelleted 
concentrate (PC) during late gestation. The two groups 
of mares were combined to illustrate the glucose and 
insulin curve. 



tively. Insulin responses to PC and SS were similar. 
During all stages, the lowest insulin peak (P < 0.001 > 
and AUC (P < 0.003) was observed after feeding FF 
compared to SS and PC, which were similar in insulin 
peak and AUC. 

Comparison of responses to feeds during early and 
late lactation revealed the same pattern of glucose and 
insulin responses in four sets of data (Figures 2A and 
2B, 3 A and 3B). The changes between glucose peak 
and AUC were in opposite directions in the SS and FF 
groups, and although the stage effect was not signifi- 
cant, interactions were starting to form a trend (P = 
0.20, and P = 0.17, respectively). Similar numerical 
changes in opposite directions were evident for insulin 
peak and AUC. 

Discussion 

Procedurally, these measurements resemble glucose 
tolerance tests, which give information about the glu- 
cose status of the animal, and glycemic indices, which 
give information about the glucose-equivalents in the 
diet (Roberts and Hill, 1973; Jenkins et al., 1981). The 
present glycemic and insulinemic responses are in- 
tended to give information on isocaloric meals with dif- 
fering contents of glucose-equivalents, following previ- 
ous studies in horses (Stull and Rodiek, 198S; Ralston, 
1992; Pagan et al., 1999). In the present experiments, 
replacement of starch and sugar with fat and fiber mod- 
erated the postprandial glycemic and insulinemic ef- 
fects of a meal fed to lactating mares. 

Predictable subsequent metabolic and hormonal 
changes of the glucose-fatty acid cycle affect free fatty 
acids, triglycerides, Cortisol, thyroid hormones, grovrth 
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study. Peak glucose and insulin and the AUC of glucose 
and insulin tended to decrease from early to late lacta- 
tion in the SS group but to increase in the FF group. 
Early lactation experiments in the present study en- 
compass the first month after foaling when the milk 
yield of a mare is at its peak, approximately 11.8 kg/d, 
or 2.3% of body weight (Gibbs et a]., 1982). In contrast, 
tests in late lactation were performed within the 3rd 
or 4th mo after foaling, when milk yield has decreased 
to 10.4 kg/d, or 2.0% of body weight. The feed and stage 
trend is likely to represent an overall decrease in glu- 
cose removal from blood later in lactation, when the 
rate of glucose removal from blood specifically for milk 
lactose synthesis and volume production is decreased 
(Evans, 1971). 



b 
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Baseline 
= 74.7 



PC 



SS 



FF 
Diets 



FF 



12.000 




Early Lacl 



Late Laci 



pc ss rr ss ff 
Diets 

Figure 2. Peak olasmn glucose (A) and glucose area 
under the curve (B) in mares ted the pelleted concentrate 
(PC) during late gestation (Preg), a feed high in sugar 
and starch (SS), or a feed high in fat and fiber (FF) during 
early lactation and late lactation. Groups without a com- 
mon letter designation differ (P < 0.05). 

hormone, and insulin-like growth factors (Kronfeld, 
1998- Randle, 1998). Daily changes in insulin and 
counter-regulatory hormones, associated with tradi- 
tional SS-type concentrate meals, may contribute to the 
development of certain metabolic disorders (Glade and 
Reimers, 1985; Clarke et al.. 1990; Ralston. 1996). Our 
results suggest that the metabolic and hea th impacts 
are likely to be moderated for meals of FF, which may be 
more reflective of the nutritional heritage of the horse. 

Interpretation of these experiments is complicated m 
two regards. One involved the possible interaction of 
the feed and reproductive stage. The other concerned 
the relative importance of decreasing glucose-equiva- 
lents and increasing fat or fiber on the results^ 
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Figure 3. Peak plasma insulin (A) and area under the 
curve (B) for insulin in mares fed the pelleted concentrate 
(PC) during late gestation, a feed high in sugar and starch 
(SS), or a feed high in fat and fiber (FF) during early ^ 
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' The plasma glycemic response to a meal is affected 
by the meal's composition and the rates of consumption, 
gastric emptying, hydrolysis yielding glucose, absorp- 
tion of glucose, and removal of glucose from the blood. 
Either lowering the glucose-equivalents in the feed or 
increasing the fat or fiber contents could contribute to 
changes in the glycemic responses to a meal. Higher 
fat in the diet may delay or decrease the peak glycemic 
response by retarding gastric emptying in humans (Wo- 
lever, 1990), However, this delay should not affect the 
AUC. The effect of a high-fat meal on gastric emptying 
has not been studied in horses to our knowledge. The 
glucose-equivalents would be approximated by NSC 
.(Table 2), which amounts to 1,045, 1,035, and 339 g in 
the meals of PC, SS, and FF, respectively. This threefold 
difference in NSC intake may be compared to the 2.5- 
-fold difference between the SS and FF feeds in glucose 
AUC early in lactation and the 1.6-fold difference dur- 
ing late lactation. 

The increase in plasma insulin concentration reflects 
an increased, rate of insulin release into the blood in 
response in ff]nrn«r-' absorption, and lwpp.nrlycomia 
(Mayes, J996J, The subsequent decline probably repre- 
sents a moderation in the rate of insulin release and 
an increased rate of insulin removal from blood. The 
differences in insulin AUC between SS and FF groups 
were much greater (12-fold and 6-fold in early and late 
lactation, respectively) than corresponding differences 
in glucose AUC (154% and 62%, respectively). This 
finding suggests that the amount of glucose absorption, 
thus the change in glucose concentration in the plasma, 
had a greater impact than a certain level of plasma 
glucose concentration per se on the magnitude of the 
insulin response. 

Several studies have compared the effects of a corn 
grain meal to those of corn fortified with 10% corn oil. 
Feeding a meal of alfalfa hay or corn fortified with 10% 
corn oil produced plasma glucose peaks of 103 and 116 
mg/dL, respectively, in horses (Stull and Rodiek, 1988). 
For meals of corn only or corn and alfalfa (50:50) the 
glycemic response reached a level of about 142 mg/dL. 
Another study used six meals fed to horses at mainte- 
nance and found smaller differences in peak glucose 
concentrations that ranged from 99 mg/dL for alfalfa 
hay to 108 mg/dL for a sweet feed (Pagan et al., 1999). 
These studies have found various glucose responses 
ranging from slight variation between different diets 
to a large range of concentration peaks. 

Compared to previous studies, the magnitude of re- 
sponses in our study was similar for glucose (Stull and 
Rodiek, 1988; Pagan et al., 1999) but tended to be lower 
for insulin, especially following a meal of FF (Figure 
3). Insulin AUC were about three to five times larger 
for meals of various grain mixes, compared to an alfalfa 
meal (Stull and Rodiek, 19S8). 

The higher fiber content in the FF feed most likely 
caused a higher production of acetate, propionate, and 
butyrate in the gut. These can control plasma glucose 
concentration by acting as a precursor (to propionate) 



or by sparing glucose oxidation (mainly acetate and 
betahydroxybutyrate). Such effects are likely to b c . 
smaller than that of direct glucose absorption, which 
may explain the results of several studies that evalu* 
ated the effects of feeding hay and other roughages. 
Peak insulin concentrations were 29 and 49 mlU/L fol- 
lowing meals of corn (sevenfold increase from baseline) 
and corn and alfalfa (12-fold increase), respectively 
(Stull and Rodiek, 1988). In contrast, plasma insulin 
increased only 1.6 times following an alfalfa meal. In. 
our study, peak insulin concentrations were 8.7 time- 
baseline for PC and SS, compared to 1.7 times following 
a FF meal. Thus, the FF feed, which has an energy 
density similar to that of a typical concentrate, has the 
insulinogenic effect of a roughage, alfalfa hay. 

In practical human dietetics, the glycemic index (GI) 
is used to design meals for the feeding of athletes before 
and after an event (Burke et al., 1998) as well as diets 
for the management of non-insulin dependent diabetics 
(Brand-Miller and Foster-Powell, 1999). On this basi*. 
foods are classified as low-GI or high-GL Low-GI meals 
may be used to reduce the risk of diabetes, along with 
cuiuuui') iiciii t uisuutic aim ouusily. Ouusuuiujfc uni^u- 
GI meal may exaggerate the insulin and glucose re- 
sponses, which could exacerbate certain metabolic prob- 
lems. In regard to exercise, high-GI meals consumed 
after exercise may increase glycogen storage. In con- 
trast, low-GI meals consumed before endurance exe: 
cise may prolong glucose availability and enhance per- 
formance (Burke et al., 1998). 

Similarly, in equine nutrition the circulatory, diges- 
tive, metabolic, and hormonal responses to a meal 
(Clark et al., 199C; Kronfeld, 1998), including the gly- 
cemic and insulinemic responses, may be applied to 
feeding management during and after an athletic event 
(Stull and Rodiek, 1995) and reducing the risks of ga?- 
tric ulcers (Murray, 1999), colic (Cohen et al., 199<j . 
osteochondrosis (Ralston, 1996), and laminitis and cer- 
tain types of rhabdomyolysis (Kronfeld, 1973; Valentine 
et al., 1998; MacLeay et al., 1999). 

Implications 

Horse feeds containing abundant starch from grain 
and sugar from molasses, such as typical pelleted or 
textured concentrates, have profound metabolic anci 
hormonal effects that may be reduced or eliminated by 
the replacement of glucose-equivalents with fat and 
fiber. This exchange of nutrients may be useful in the 
feeding management of broodmares, and perhaps in 
reducing the risks of certain digestive and metabolic 
disorders in horses. However, the difference between 
the use of these energy sources in mares during differ- 
ent reproductive stages needs to be explored in move 
detail. 
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Summary 

A study was made of the physiological effects of adding sodium bicar- 
bonate to growth diets for yearling Quarter Horses. Four treatment groups 
of four horses each were fed corn-soybean meal-alfalfa based diets for 140 
days: (1) control, (2) 1% added NaHC0 3 , (3) 1% added commercial vitamin- 
mineral mixture, (4) 1% added NaHC0 3 + 1% added vitamin-mineral mixture. 
Measurements taken every 28 days included individual weights, respiration 
rates, fecal pH, urine pH; venous pC02» pH and packed cell volume; and 
venous serum sodium, chloride, potassium, calcium, and phosphorus. 

Weight changes were not significantly affected by treatments. In- 
creased pH of feeds was associated with increased respiration rates, de- 
creased venous pC0 2 , decreased venous pH, increased packed cell volume, 
increased serum potassium, increased serum phosphorus, and decreased serum 
chloride. Feed pH had little effect on serum sodium and calcium. Feed 
pH was positively correlated with urine pH and showed a moderate negative 
correlation with fecal pH. 

Observations suggested that chronic ingestion of 1% sodium bicarbonate 
was associated with a tendency toward metabolic acidosis, partially compensated 
by respiratory alkalosis. 

Introduction 

According to reviews by Baker and Harrison (1979) and Trenkle (1979) 
some beneficial effects have resulted from the inclusion of sodium bicar- 
bonate in diets of cattle, swine, and poultry. Currently, sodium bicar- 
bonate is being added to some horse diets without researched evidence of 
its chronic effects. 

Acidosis associated with exhaustion was observed in racehorses by 
Krzywanek (1974). The accumulation of lactic acid may be one of the limit- 
ing factors in muscular performance of the horse. Metabolic acidosis also 
has been associated with severe shock and colic in horses (Rose, 1981). It 
has been speculated that the addition of sodium bicarbonate to horse diets 
may ameliorate acidosis. 

The purposes of this study were (1) to compare weight changes of year- 
ling Quarter Horses fed similar diets with and without sodium bicarbonate; 
(2) to assess the physiological effects of chronic ingestion of sodium 
bicarbonate on the acid-base balance of the horse; and (3) to observe 
possible interactions between diet supplementation with a commercial vitamin- 
mineral mixture and addition of sodium bicarbonate. 
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Experimental Procedure 

Sixteen Quarter Horse yearlings were randomly allotted into four groups 
of three fillies and one gelding each. All except one purchased filly had 
similar bloodlines and had been raised in similar environments at the 
University of Illinois. 

Each horse was vaccinated for tetanus and equine encephalomyelitis, 
and given an intramuscular multivitamin injection providing 1,000,000 
U.S. P. units of Vitamin A. Horses were treated for internal parasites 
just prior to the study and again midway through the study. 

All horses were fed the control diet for fourteen days prior to 
the start of the study (table 1). Thereafter horses were lot-fed their 
respective test diets for 140 days. Diets were formulated to meet sug- 
gested NRC (1978) requirements for yearling horses. Sodium bicarbonate 
was added at one percent by weight of the total feed to two treatment 
diets and a commercial vitamin-mineral mixture 1 was added at one percent 
to two treatment diets, using a 2 x 2 factorial design. 

The concentrate portion of the feed was pelletted and was fed at 
approximately 0900 daily. Hay was fed at 1600. Water was continually 
available. Test parameters were measured in the morning (0700-1000) 
prior to feeding, with care taken to minimize excitement and disturbance 
of horses. Ambient temperatures ranged from 45-85°F (7-29°C) during 
sampling times during the course of the 140-day study. 

Individual weights and respiratory rates were recorded two days apart 
at the beginning of the study and repeated at 28-day intervals (table 2). 
Respiratory rates were measured by visual observation of flank movements. 

Three venous jugular blood samples were drawn from each horse every 
28 days. The first sample of whole blood was collected anaerobically in 
a heparinized glass syringe, stored in ice, and was analyzed within two 
hours for pH and pC0 2 • Packed cell volume was measured by the micro- 
hematocrit technique. The third sample was allowed to clot, centrifuged, 
and the serum was frozen for subsequent analyses for sodium, chloride, 
potassium, calcium, and phosphorus concentrations. 

Two days after blood collections, individual fecal grab samples and 
urine specimens were taken and analyzed for pH. To facilitate urine sam- 
pling, 2 1/2 cc of furosemide (Lasix) was injected intravenously into each 
horse. 

Feed pellets were analyzed for pH. Digestibilities of test diets are 
currently being determined. 



Sleek, courtesy of Conagra, Inc., Omaha, NB 68131. 
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Results 

Feed additives caused marked differences in the pH of the pellets 
(table 1). The vitamin-mineral pellets (pH 5,780) and the control pellets 
(pH 6.005) were the most acidic, while the NaHC0« + vitamin-mineral pellets 
(pH 7.508) and NaHCO^ pellets (pH7.872) were more alkaline. 

Variations in pH of feed were reflected in alterations in several 
physiological parameters (table 2). Yearlings fed higher pH diets had 
higher respiration rates. Feed pH was positively correlated with urine 
pH (corr. coef. = .9723) and was negatively correlated with fecal pH 
(corr. coef. «-.7588). Venous blood of horses receiving bicarbonate had 
lower pH and lower pCK^ values. Average packed cell volumes were greatest 
for horses fed bicarbonate. 

An analysis of venous serum mineral levels showed that increased feed 
pH was associated with increased potassium, increased phosphorus, and 
decreased chloride concentrations. Sodium levels appeared unaffected by 
feed pH but were decreased in the two vitamin-mineral treatments. Calcium 
concentrations were lower than control values in the NaHCO^ and the vitamin- 
mineral treatments, while the lowest mean serum calcium level was observed 
in the NaHC03 + vitamin-mineral treatment. 

Weight gains were not affected by treatments. The larger average 
daily gain in the vitamin-mineral treatment can probably be attributed 
to compensatory growth of the purchased filly that began the study in a 
noticeably thin condition. 

Discussion 

The high correlation of feed pH with urine pH in this study may be a 
result of renal compensation for excess absorbed bicarbonate. Elevations 
in packed cell volume in bicarbonate treatments may be attributed to a 
diuretic effect resulting in increased water loss in the effort to main- 
tain acid-base balance. 

It is thought that the cecum and large intestine of equines are impor- 
tant sites of fiber digestion, and it has been observed that the pH of ter- 
minal colon digesta is similer to that of cecal contents (Kern jit al. , 1974) . 
It may be speculated that the reduced pH of colon digesta in this study may 
have been associated with a reduced cecal pH, altered microbial populations 
in the gut and/or reduced digestibility of some feedstuff s. Low fecal pH 
has been associated with reduced digestibility of starch in cattle fed high 
concentrate rations (Wheeler and Noller, 1977). Goldberger (1965) suggested 
that reduced fecal pH may be a result of (1) increased uptake of bicarbonate 
ions from the gastrointestinal tract, perhaps due to increased activity of 
carbonic anhydrase; (2) decreased secretion of bicarbonate; and/or (3) in- 
creased secretion of hydrogen, chloride, and potassium ions. The altera- 
in fecal pH of this study, however, were not associated with weight changes. 
Digestibilities of test diets are currently being determined. 
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The observed trends in venous pH, pC02i and respiratory rate are con- 
sistent with a tendency toward metabolic acidosis partially compensated by 
a respiratory alkalosis (Goldberger, 1965; Rose, 1981). These same trends 
in venous pH and pC02 have been observed by Milne (1974) in horses with a 
compensated metabolic acidosis during exercise. Chronic ingestion of sodium 
bicarbonate may thus serve to exacerbate acidotic syndromes during exercise, 
rather than ameliorate them. 

Goldberger (1965) and Rose (1981) suggested that metabolic acidosis 
may occur as a result of (1) Increased production and/or retention of acids 
normally produced in the body, such as sulfuric, phosphoric, and organic 
acids; or (2) increased loss of base, such as bicarbonate. Goldberger (1965) 
further observed that carbonic anhydrase in the kidney tubular cells normally 
acts to conserve bicarbonate in the body. If the activity of this enzyme is 
inhibited, large amounts of sodium bicarbonate and water are excreted in the 
urine. This causes a diuresis and an acidosis, due to the loss of bicarbonate. 
With a rise in urine pH, an increased amount of potassium is lost in the urine 
due to an exchange mechanism between potassium and hydrogen ions. 

Elevated levels of venous serum potassium in horses are often concomi- 
tant with acidosis. Normally, 98 percent of body potassium resides intra- 
cellular ly. It has been noted that when the pH of extracellular fluids 
decreases, a shift of potassium ions occurs from intracellular to extra- 
cellular space. Rose (1981) observed that, for this reason, plasma potassium 
values tend not to reflect the total body potassium balance. Potassium deple- 
tion may occur even while serum levels are normal or elevated. These observa- 
tions may account for the elevated serum potassium levels in bicarbonate treat- 
ments in this study. 

The diuretic effect postulated in this study was likely associated with 
a loss of cations such as sodium, potassium, and calcium ions in the urine. 
Goldberger (1965) suggested that a resultant drop in serum calcium would 
cause an elevation in serum inorganic phosphate levels. The observed in- 
crease in serum phosphorus in bicarbonate treatments may be due to these 
effects. The decreased serum chloride levels in horses receiving bicar- 
bonate may have been due to chloride secretion with hydrogen ions into the 
gastrointestinal tract or an effort to maintain osmotic balance in the 
presence of continual loss of cations in the urine. 

As excess hydrogen ions from an acidosis situation react with absorbed 
bicarbonate ions in the blood, carbonic acid is formed. This dissociates 
into water and carbon dioxide. The respiratory center in the medulla and 
chemoreceptors in the aortic arch and carotid sinus are sensitive to the 
partial pressure of carbon dioxide and pH of the blood. Yearlings fed 
sodium bicarbonate in this study probably increased their respiratory rate 
in an effort to remove excess carbon dioxide through the lungs. This may 
have resulted in the decreased venous pC02 levels observed in these horses, 
indicative of a tendency toward respiratory alkalosis. 

Further research is needed to elucidate the physiological effects of 
ingestion of sodium bicarbonate by horses, particularly with reference to 
exercise physiology. 
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TABLE 1. COMPOSITION OF DIETS, AS FED, DAILY 



Treatments 



Item 






+vi tamin— 

mineral 
mixture 


+NaHC03 
+vitamin— 
mineral 
mixture 




10. 89 


11.23 


11.23 


11.57 


Corn, kg 


6.79 


6.79 


6.79 


6.78 


Soybean meal, kg 


3.52 


3.52 


3.52 


3.52 


Dried molasses, kg 


.51 


.51 


.51 


.51 


Iodized salt, kg 


.054 


.054 


.054 


.054 


Coloring marker, kg 


.011 


.011 


.011 


.011 


Sodium bicarbonate, kg 




.338 




.337 


Vitamin-mineral mixture, kg 






.348 


.348 


Alfalfa hay, kg 


21.77 


21.77 


21.77 


21.77 


Total feed, kg 


32.66 


33.00 


33.00 


33.34 


Sodium bicarbonate, 










percent of total feed 




1.02 




1.01 


Vitamin-mineral mixture, 










percent of total feed 






1.05 


1.04 


Pellets, pH 1 


6.005 


7.872 


5.780 


7.508 



Means of 4 samples per treatment. 
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TABLE 2. PHYSIOLOGICAL EFFECTS OF SODIUM BICARBONATE 
AND VITAMIN-MINERAL ADDITION TO DIETS OF 
YEARLING HORSES 



Treatments 

+NaHC0 3 

Item Control +NaHCO^ -fvitamin- -Hvitamin- 

mineral mineral 
mixture mixture 



Average daily gain, kg/day* 


.287 


.287 


.353 




287 


Respiration rate, min~^ ^ 


11.7 


12.6 


11.7 


12. 


1 


v pH 3 


7.4258 


7.. 4105 


7.4356 


7. 


4165 


v pCO z , mmHg 3 


49.41 


48.33 


49.07 


47. 


74 


Packed cell volume, % 3 


36.8 


39.1 


37.5 


39. 


4 


Serum sodium, Meg/1 3 


138.9 


138.0 


136.1 


137. 


9 


Serum chloride, Meg/1 3 


97.2 


96.6 


97.0 


96. 


4 


Serum potassium, Meg/1 3 
Serum calcium, mg/dl 3 


3.94 


3.95 


3.80 


4. 


04 


12.00 


11.90 


11.90 


11. 


62 


Serum phosphorus, Meg/1 3 


5.35 


5.51 


5.34 


5. 


60 


Urine pH 3 


7.733 


7.861 


7.667 


7. 


859 


Fecal pH 3 


6.853 


6.720 


6.790 


6. 


595 



^Means from 4 horses per treatment over duration of study* 

Means of 10 periodic samples from each of 4 horses per treatment over duration of 
-study. 

Means of 5 periodic samples from each of 4 horses per treatment over duration of 
study. 
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